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Caryopses of Stipa trichotoma are dormant when completely 
enclosed by a lemma and palea. Complete removal of these 
structures leads to high germination in both light and dark. A 
further increase in germination is obtained by incubating 
dehulled caryopses in moist activated charcoal. Damaging 
the lemma and palea in a small area increases germination 
to some extent in the light. For a significant increase in dark 
germination the pericarp must also be damaged in addition 
to damaging the lemma and palea. Sulphuric acid 
scarification for 7 min increases light germination. Dry 
storage for 3 years at temperatures ranging between 2 °C and 
23 °C does not lead to any marked change in state of 
dormancy. 
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Die kariopsisse van Stipa trichotoma verkeer in 'n 
rustoestand wanneer hulle deur 'n lemma en palea omsluit 
word. 'n Hoe kiemingspersentasie word in die lig sowel as 
die donker verkry deur hierdie strukture volledig te verwyder. 
'n Verdere verhoging in kieming word verkry deur ontkafde 
kariopsisse in vogtige geaktiveerde koolstof te inkubeer. 
Beskadiging van die lemma en palea op 'n klein plekkie lei 
tot 'n matige verhoging van kieming in die lig. Vir 'n 
noemenswaardige verhoging van die persentasie kieming in 
die donker moet die perikarp sowel as die lemma en palea 
beskadig word. Swaelsuuretsing vir 7 min veroorsaak 'n 
toename in kieming in die lig. Opberging van die vruggies vir 
3 jaar by temperature tussen 2 °C en 23 °C lei nie tot 'n 
noemenswaardige verandering in rustoestand nie. 
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Introduction 
Nasella tussock (Stipa trichotoma Nees) is a native South 
American grass which has infested large areas of valuable 
natural pasture in South Africa, Australia and New 
Zealand (Wells 1974). 
Unlike some other Stipa species (Frank & Larson 1970; 
Hagon 1976), Stipa trichotoma, due to its high fibre and 
low protein content, is useless as a pasture species (Wells 
1974). It has been declared a noxious weed in South Africa 
where it has currently invaded some 70 000 ha and has the 
potential of covering 2 million ha within the next 40 years 
(Wells 1978). 
Nassella's success may in part be attributed to its 
phenominally high seed production. As many as 100 000 
seeds may be produced annually per plant, of which many 
may apparently remain viable for at least 20 years (Healy 
1945; Lane & Edgar 1978; Wells 1977). Due to the build 
up of very high speed populations a knowledge of the ger-
mination behaviour of S. trichotoma would appear impor-
tant when planning an overall control strategy for this 
weed. 
Since the pioneering field studies of Healy (1945) no in 
depth research on S. trichotoma germination appears to 
have been published. Healy (1945) noted that seed planted 
deeper than 5 mm in the soil failed to germinate, indicating 
light as a controlling factor. InS. viridula (Frank & Larson 
1970) and S. bigeniculata (Hagen 1976) the lemma was 
shown to control dormancy to some extent. The aims of 
the present study were primarily to ascertain whether 
freshly harvested seeds of S. trichotoma are dormant and 
how germination is affected by dry storage and covering 
structures. 
Materials and Methods 
The term seed is used in this paper to designate the diaspore 
of S. trichotoma which, in fact, is a fruit enclosed by a 
lemma and palea. Seeds were hand harvested from freshly 
ripened inflorescences on plants growing on the farm 
Tavistock in the Stutterheim district. After 2 weeks storage 
in paper bags which allowed for air drying, seeds were 
placed into glass bottles with tight- fitting screw caps and 
stored at 2 - 4 °C, 15 oc, 20 oc and at room temperature 
(approx. 23 oq in the dark. 
In all studies glumes were removed prior to experimen-
tation. Such seeds still retained their lemma and palea and 
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are designated intact seeds. Damaging of the covering 
structures was performed in three different ways. Com-
plete dehulling ( = dehul!ed seeds) was performed on a 
large scale by rubbing a number of seeds between two 
wooden blocks separated by 0, 7 mm thick stainless steel 
spacers. Mechanical damage, without complete removal 
of covering structures, was performed on individual seeds 
under a stereo microscope using a sharp needle. Lastly, 
sulphuric acid damaging of covering structures was obtain-
ed by immersing seeds in concentrated sulphuric acid for 
various times after which they were rapidly rinsed with cold 
sterile water. 
Intact and dehulled seeds were sterilized by immersing 
them in 7011Jo ethanol for 2 min followed by 2 min in O,li!Jo 
mercuric chloride. Thereafter seeds were thoroughly wash-
ed with autoclaved distilled water. Glassware, filter paper, 
charcoal and water used in experiments were sterilized by 
autoclaving. Gases were sterilized by passing through 0,25 
flm-pore filters. 
In most studies seeds were incubated in petri dishes. 
Tweuty-five seeds were transferred asceptically to each 
70 mm diameter glass petri dish containing two layers of 
Whatman No.I filter paper moistened with 4,0 cm3 distilled 
water. This was found in preliminary experiments on 
dehulled seeds to be the optimum amount of water forger-
mination. The filter paper was kept moist by weekly addi-
tions of small volumes of sterile water. 
In experiments where the effect of activated charcoal 
(Riedel de Haen) was tested, petri dishes were first filled 
with 3 g finely ground charcoal. This was moistened with 
water and a layer of filter paper placed on top of the char-
coal. Seeds were placed on the layer of filter paper. 
When the effect of oxygen was tested, seeds (25) were 
incubated in 100 cm3 conical flasks of which the bases were 
lined with moistened filter paper. The flasks were stoppered 
with serum caps. Each flask was flushed for 10 min with 
the appropriate gas mixture. Oxygen/nitrogen mixtures 
ranging in oxygen concentration from 20-IOOI!Jo (v/v) 
were purchased from Afrox (Pty) Ltd. 
Seeds were routinely incubated in Conviron E 15 growth 
cabinets in which only some of the cool white fluorescent 
tubes were utilized as white light source (200 J.LE m- 2 s- 1 
at seed level). Dark conditions were obtained by wrapping 
petri dishes in aluminium foil. Seeds kept in darkness were 
examined at intervals under a green safe light (Smith 1975). 
In the determination of optimum germination tempe-
rature, growth cabinet experiments were supplemented with 
thermogradient bar studies. The thermogradient bar was 
manufactured locally according to a modification of the 
design by Vazquez-Yanes (1975). Seeds were placed on 
strips of filter paper spaced at regular distances along the 
aluminium block. The paper was continuously irrigated by 
having one end dipped in a trough of water. Each strip 
of paper with seeds was covered by a 1 em high perspex 
frame which was covered with thin transparent poly-
ethylene sheeting. Seeds on the thermogradient bar were 
continuously illuminated by means of a battery of fluores-
cent tubes yielding the same irradiance as those used in the 
growth cabinets. 
Treatments were replicated at least four times. Seeds of 
which the radicle had protruded at least 2 mm were taken 
as germinated. 
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Results 
Optimum germination temperature 
Freshly harvested seeds were used in this study. Dehulling 
was performed with the block-rubbing technique. Intact 
and dehulled seeds were incubated in both light and dark 
at temperatures ranging between 15 and 32 °C (± 0,5 °C) 
in growth cabinets and only in the light on a thermogra-
dient bar. Experiments were terminated after 40 days. Du-
ring this period germination of intact seeds did not exceed 
5<7/o in any one treatment (data not shown). Dehulled seeds, 
however, showed significant germination with a clear op-
timum temperature of 28 ac (Figure 1). 
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Figure 1 Effect of temperature on the germination of dehulled Stipa 
trichotoma seeds in the light. r•-• germination in petri dishes in growth 
cabinets after 14 days. •-• germination on a thermogradient bar after 
3 days. e-e germination on a thermogradient bar after 5 days .) 
Although there was a tendency for better germination 
of dehulled seeds in the light, this did not differ significant-
ly from germination in the dark (data not shown). 
Although the two germination techniques yielded similar 
tendencies, the germination rate and final germination 
percentage were both much higher when seeds were in-
cubated on the thermogradient bar than in petri dishes in 
growth cabinets. 
Effect of covering structures on germination 
From the previous study it was obvious that freshly 
harvested intact seeds are dormant and that covering struc-
tures play a role in controlling this dormancy. In order to 
ascertain which structures are involved, seeds were damag-
ed in various ways: dehulled seeds were obtained as in the 
temperature study; lemma/ palea damaged seeds were ob-
tained by removing approximately 0,15 mm2 of lemma at 
the distal suture end. This procedure inevitably also damag-
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ed the thin papery palea underlying the lemma. Pericarp/ 
testa damaged seeds were produced by scratching the ex-
posed part in lemma/ palea damaged seeds with a sharp 
needle. 
In addition to the above, sulphuric acid scarification o f 
intact seeds (I- 15 min) was also included. Seeds were in-
cubated in petri dishes at 28 oc (light and dark) in a growth 
cabinet. 
The results in Figure 2 show that complete removal of 
all the covering structures by block rubbing (dehulling) 
resulted in highest germination; germination in the light 
having been slightly better than dark germination. When 
the lemma and palea were damaged some increase in ger-
mination resulted, but only in the light. When lemma, 
palea and pericarp were damaged, increased germination 
also occurred in the dark. 
Sulphuric acid scarification also caused fai rly substan-
tial increases in germination in the light, 7 min scarifica-
tion giving best results. This treatment also caused a small 
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increase in dark germination. 
Water uptake, oxygen and activated charcoal 
studies 
The restriction on germination imposed by covering struc-
tures as shown in previous sections could be owing to a 
number of effects. Apart from offering mechanical 
resistance to embryo expansion , covering structures could 
be involved in restricting water and/or oxygen uptake and 
possibly also restrict outward movement of inhibitors. 
Water uptake studies at 28 °C showed that covering 
structures do not restrict imbibition in nassella seeds. 
Caryopses of both intact and dehulled seeds attained 
maximum water uptake after 35 h of imbibition (data not 
shown). In both cases water uptake stabilized when 
caryopses showed a 30% increase in mass (air dry mass 
basis). 
Incubation of intact seeds in gas mixtures of various 
oxygen concentrations (20- !OOOJo) in the light and dark 
r-
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Figure 2 Effect of damaging the covering structures on the germination of Stipa trichotoma seed at 28 oc. 
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at 28 ac did not increase germination (not shown), sug-
gesting that the covering structures do not restrict oxygen 
uptake. 
The possibility of endogenous inhibitors controlling ger-
mination was tested by incubating intact and dehulled seeds 
on moist activated charcoal. As shown in Figure 3 activated 
charcoal caused a substantial increase in the rate of ger-
mination of dehulled seeds. The germination of intact 
seeds, however, was not increased by charcoal. 
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Figure 3 Effect of activated charcoal on the germination of intact and 
dehulled seed of Stipa lrichotoma at 28 oe, (0-0 Dehulled seed + 
charcoal in the light. e-e Dehulled seed + charcoal in the dark. 0-0 
Dehulled seed without charcoal in the light. •-• Dehulled seed without 
charcoal in the dark. <l-t.l Intact seed with and without charcoal in the 
light. .A.-.A. Intact seed with and without charcoal in the dark.) 
Storage 
Storing seeds at various temperatures (2; 15; 20 ac and 
laboratory approx. 23 o C) for a three-year period did not 
markedly change their germination behaviour. Similar 
results were obtained with seeds stored at the different 
temperatures. The results for laboratory stored seeds are 
given in Table I. 
No loss in viability occurred over a three-year period as 
Table 1 Effect of storage at 23 oc on germination 
of Stipa trichotoma seeds at 28 oc 
Percentage germination after 50 days 
Storage 
time Germination Intact Dehulled 
in years condition seeds seeds 
0 Light 2,0 ± 1,2 70 ± 3,2 
Dark 1,0 ± 1,0 60 ± 5,6 
Light 4,0 ± 2,3 74 ± 2,3 
Dark 0 62 ± 4,8 
2 Light 6,0 ± 2,3 74 ± 3,5 
Dark 1,0 ± 1,0 64 ± 2J 
Light 9,0 ± 2,0 79 ± 2,4 
Dark 3,0 ± 1,9 81 ± 5,8 
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shown by good germination of dehulled seeds. Dorman-
cy, imposed by the covering structures, did not appear to 
diminish to any large extent during this period. 
Discussion 
This study has shown that the germination of Stipa 
trichotoma diaspores is primarily controlled by covering 
structures. This is also the case with S. bigeniculata (Ragon 
1976) and S. viridula (Frank & Larson 1970). In the latter 
case, the lemma and palea were identified as the limiting 
structures; inhibiting germination by restricting oxygen up-
take rather than by limiting water uptake or by imposing 
a mechanical restriction to the expanding embryo (Frank 
& Larson 1970). 
We were unable to damage the lemma, in our studies, 
without also damaging the palea. It was therefore not 
possible to distinguish between their individual effects. 
Because of the hard nature of the lemma and the fact that 
it completely envelops the caryopsis in contrast to the thin 
papery palea which only partially covers the caryopsis, it 
appears possible that the lemma is the prime restricting 
structure inS. trichotoma. With S. trichotoma increased 
oxygen levels did not increase germination, indicating that 
the restriction posed by the lemma and palea did not 
primarily involve oxygen. 
These structures also did not prevent water uptake. The 
fact that germination increase was less when only part of 
the lemma was damaged in contrast to complete removal 
of the lemma, could indicate that this hard structure poses 
some mechanical restraint on embryo expansion. 
Damaging the lemma and palea in a restricted area, 
primarily increased germination in the light but had little 
effect on dark germination. When the pericarp/ testa was 
also damaged, dark germination increased, indicating that 
this structure is involved in controlling light sensitivity in 
this seed. Thus, both lemma ( + palea) and pericarp/ testa 
control germination of S. trichotoma. The fact that total 
dehulling (block rubbing) caused significant increases in 
both light and dark germination indicate that this treat-
ment, in addition to removing the lemma and palea, causes 
damage to the pericarp / testa. 
Sulphuric acid scarification (7 min) caused greater in-
creases in light than in dark germination. This is interpreted 
as being the result of erosion of the lemma/palea without 
damaging the caryopsis . It could be expected that longer 
scarification times would, after eroding the lemma and 
palea, also damage the pericarp/ testa and thereby cause 
increased dark germination. This, however, did not hap-
pen. Instead, scarification for 15 min actually caused a 
decrease in germination. The reason for this appeared to 
be damage to the embryo by the longer acid treatment. 
In addition to the limiting effect of the covering struc-
tures on germination, S. trichotoma caryopses appear to 
contain substances which inhibit germination to some ex-
tent. This is concluded from the enhanced germination of 
naked seeds caused by activated charcoal. Also, germina-
tion on a thermogradient bar was always greater than in 
petri dishes. The irrigation system on the thermogradient 
bar would have facilitated transport of leached substances 
away from seeds. Yellow-brown pigments were in fact seen 
to have moved along the filter paper strips away from the 
seeds. 
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ln contrast to naked seeds, the germination of intact 
seeds was not enhanced by charcoal and thermogradient 
bar treatments. This could imply that the covering struc-
tures form an impermeable barrier to the leaching of 
inhibitors. 
InS. viridula, Dawson & Heinrichs (1952) reported that 
dormancy was controlled both physiologically in the seed 
and by a mechanism associated with the lemma and pale a. 
For the same species, Fendall & Carter (1965) attributed 
5007o of the dormancy to the lemma and palea and the re-
mainder to the physiological mechanism. 
The present study has shown that the dormancy of S. 
trichotoma is complex. As in the case of S. viridula, the 
cause of dormancy is partly attributable to the lemma (and 
palea) and partly to some mechanisms residing within the 
caryopsis. The mechanism for the inhibitory effect of the 
lemma is at this stage best explained in terms of its possi-
ble restriction on embryo expansion and outward diffu-
sion of inhibitory substances. Within the caryopsis, light 
sensitivity and inhibitory substances appear to be impor-
tant in controlling dormancy. Light sensitivity is to some 
extent lost by damaging the pericarp/testa. The nature of 
this light sensitivity is currently being investigated. 
Whatever the exact mechanisms involved in causing dor-
mancy, they appear very stable as judged by the lack of 
any substantial loss in dormancy over a three year storage 
period. Prolonged dormancy in seeds of S. viridula has also 
been noted (McAlister I 943). 
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